Two matrix asphalt binders were selected and mixed with Sasobit in different proportion to prepare warm mix asphalt binders (WMA), and the softening point, penetration and ductility at different temperatures were measured to analyze the temperature sensitivity of Sasobit WMA. Test results indicate that with the increase of Sasobit dosages, the penetration of asphalt binder decreases, and the decreasing amplitude of penetration at higher temperature is bigger. The softening point and equivalent softening point also increase, but the ductility decreases. The temperature induction coefficient decreases, penetration index increases, and the plastic range becomes larger with the increase of Sasobit dosages, meaning the temperature sensitivity is improved. The penetration index (PI), penetration-viscosity number (PVN) and viscosity-temperature susceptibility (VTS) were analyzed, and it can be founded that the temperature susceptibility of Sasobit WMA is improved at the service stage while the temperature susceptibility of asphalt binder at high temperature turns to be more sensitive.
INTRODUCTION
Warm mix asphalt (WMA) is a new way of energy saving and environmental protection material with relatively low mixing and compaction temperatures, relatively small energy consumption and exhaust emission compared with the traditional hot mix asphalt (Jun Cai et al., 2011) . Nowadays, there are three methods to produce WMA, including adding organic additive such as Sasobit, using emulsified asphalt and foamed asphalt technologies. (Ali Tamshidi et al., 2013) .
Compared with the traditional additives, Sasobit shows better performances, such as the 60 o C dynamical viscosity, the rutting factors, and temperature susceptibility. Chaofan Wu et al. (2012) studied the effects of warm-mix additive on penetration and high-temperature performance grade of Asphalt Binder, and found that the relation between the penetration and high-temperature PG of the asphalt containing Sasobit was related to asphalt type and aging condition. Xiaoping Ji et al. (2010) measured the viscosity at different temperature of asphalt addicted with different content of Sasobit to obtain the viscosity-temperature curve, and carried out the Marshall test, rutting test, low-temperature bend test and water stability test to evaluate the road performance of HMA and S-WMA. Generally, S-WMA is reported with the better high temperature stability than the others, and with good workability, energy saving and environmental protection properties, so it is widely applied (Yang Xia et al., 2009) In this paper, a series of tests were carried out on two matrix asphalt and WMA binders with different additive dosages at different temperature The variation laws of the technical parameters were evaluated, and the temperature sensitivity of Sasobit WMA were analyzed comprehensively.
EXPERIMENTS

Raw Materials
In this paper, Shell 90# asphalt of penetration grade 90 and SK 70# asphalt of penetration grade 70 were used as base material. Prowell, 2005) , and the Sasobit dosage of 1%-5% were selected and added into the two matrix asphalt.
Specimens Fabrication and Test Methods
In order to completely disperse Sasobit in asphalt, the additive is added to the matrix asphalt which is already heated to 120 o C, and the ideal WMA binder can be obtained by using a glass rod to stir the mixture about 30min. The higher mixing temperature, the easer stir is. The conventional binder tests used were softening points, penetrations at 15, 25and 30 o C, ductility at 5 and 15 o C, and viscosities at according to the Chinese specification, JTG E20-2011 E20- (MOT, 2011 . Three main indexes of two matrix asphalt binders and Sasobit (1%~5%) added warm mix asphalt binders can be obtained.
RESULTS AND DISCUSSIONS
Performance Analysis at different temperatures
The values of penetration of matrix asphalt and WMA binders with different dosage additives at temperature 25 From Fig.1 (a) , it can be seen that the penetration of 90# asphalt binder is bigger than 70# asphalt binder, and the penetration decrease amplitude of 90# asphalt is larger than 70# asphalt binder. 70# asphalt has a better stability and non-deformability compared to 90# asphalt which means matrix asphalt plays a leading role on the performance in WMA binder. Fig.1 (b) shows that with the increasing of the temperature, asphalt turn to be soft and the penetration becoming bigger, which means the deformation resistance of the asphalt binders reduced. With the increasing additive dosages, the penetration decreased gradually and the asphalt binders at 30 o C has a higher decreasing extent than the asphalt binders at 25 o C which indicates that Sasobit has a good advantage in improving the properties of asphalt binder at a higher temperature. It can be seen from the penetration curve, with the increasing additive dosages, the decreasing extent of asphalt binders at two different temperatures has reduced gradually, and when the dosages are 4% and 5%, the curve of SK 70# asphalt turn to be gentle (more like a horizontal line at 25 o C), and for Shell 90# asphalt, the decline extent is also reduced. It shows that with the increase additive dosages, the transition efficiency of WMA binders from soft to hard reduced overall the whole curve. As can be seen, when the dosage is 2%, the decline extent of the curve is bigger than that of the 3%-5% dosages, which means that 2% is the most economical content of the five dosages at 25 and 30 o C. As shown in Fig.2 , the change of the values of T R&B and T 800 of two kinds of WMA binder with different additive dosages has the same variation law with the change of the temperature. With the increasing additive dosages, the values of T R&B and T 800 are both tend to be growth, and the more additive dosages, the higher values of T R&B and T 800 . It shows that Sasobit can improve the property of matrix asphalt, enhance the stability of the mixture and improve the anti-rut ability of mixture at high temperature. 4% may be the best content according to the slope of the curves.
The penetration and ductility of WMA binders with different additive dosages at 15 o C are shown in Fig.3 . As shown in Fig.3 , the penetration and ductility at 15 o C decrease with the increasing additive dosages. The more the Sasobit content, the lower the values of penetration and ductility. The variation law of the penetration is similar to that of 25 o C and 30 o C, which means Sasobit can improve rutting resistance at all these temperatures. The ductility is declined with the increasing Sasobit content, so Sasobit damages the anti-cracking property. When the dosage lies within the interval of 3% to 5%, the ductility of Shell 90# WMA binder reduced sharply, and for SK 70# asphalt, the dosage of Sasobit from 4% to 5% also shows a sharply reduce. And for Shell 90# asphalt, the dosage of 3% may be the best content and 4% for SK 70# asphalt. It shows that Sasobit reduces the anti-cracking property of matrix asphalt at a relatively low temperature and also indicates that there may be a reasonable additive dosage, so that the temperature sensitivity, the property of asphalt binder at room temperature and relatively low temperature can reach to a balance.
According to the best content of all these temperatures, 2% may good for penetration and ductility but not for T R&B and T 800 , and 4% may good for T R&B and T 800 but not for penetration and ductility. While when the dosage is 3%, the content is not bad for penetration and T R&B and T 800 and also is the proper content for ductility. So, the recommended content would be 3% as a reasonable dosage.
Based on the penetration of matrix asphalt and WMA with different dosages of Sasobit at 15, 25 and 30 o C, the equivalent brittle point can also be calculated. The equivalent brittle point curve of two WMA binders is shown in Fig.4 . As can be seen in Fig.4 , the equivalent brittle point curve of 70# WMA binder is above the curve of 90# WMA binder. And the equivalent brittle point decreased with the increasing dosage of Sasobit which means the Sasobit can improve the anti-cracking performance of WMA binder at low temperature. But that not agree with the results which is obtained from penetration and ductility at 15 o C. The correlation of ductility and cracking may be not good at low temperature, which means a big ductility value of asphalt may also crack while a small ductility value may not crack. Therefore, the effect of Sasobit on asphalt binder at low temperature expected to further research. 
Analysis of Temperature Sensitivity
The temperature susceptibility of WMA binder with different dosage of Sasobit by means of penetration index (PI), penetration-viscosity number (PVN) and viscosity-temperature susceptibility (VTS) were studied.
The penetration index represents a quantitative measure of the response of bitumen to variation in temperature. Normal asphalt binders have a PI between -2 and +2. A high PI indicates low temperature susceptibility. The value of the PI was calculated using the results obtained from penetration and softening point tests. PVN and VTS also represent the temperature susceptibility of asphalt binder, high values of PVN and VTS mean less temperature susceptibility of asphalt binder.
The penetration index (PI) and temperature induction coefficient A of WMA binders with different dosage additives were shown in Fig.5 and the plastic range of WMA binders with different dosage additives was shown in Fig.6 . The values of PVN and VTS were shown in Table 1 . As shown in Fig.6 , the values of Δ T increased with the increasing additive dosages in different degrees. Usually, the softening point increases and the brittle point decreases at the same time which means the range of the plastic range increases. It indicates that the WMA binder has a broader using range of temperature which also indicates the Sasobit improved the property of the temperature susceptibility. It can also find that values of PVN 25-60 increase with the increasing dosage of Sasobit which means the property of the temperature susceptibility of asphalt binder has been improved. But the values of VTS show that with the increasing dosage of Sasobit, the temperature susceptibility of asphalt binder turns out a converse rule compares to that of PVN . It is mainly because that Sasobit can improve the temperature susceptibility of asphalt binder at the service stage while decrease the viscosity of the asphalt binder at mixing stage, the temperature susceptibility of asphalt binder at high temperature turns out to be much more sensitive. The values of PVN show a converse rule of that of PVN to the asphalt binder is also mainly because of this.
CONCLUSIONS
In this paper, a series of tests were performed on two matrix asphalt binders and WMA binders with different additive dosages of Sasobit, and the main conclusion are summarized as follows:
(1) With the increase of Sasobit dosages, the penetration of asphalt binder decreases, and the decreasing amplitude of penetration at higher temperature is bigger. The softening point and equivalent softening point also increase, but the ductility decreases.
(2) The temperature induction coefficient A declined, the value of PI increased and the plastic range is becoming larger with the increase of the additive dosages, which means the temperature susceptibility has been improved. Sasobit can improve the property of matrix asphalt, enhance the stability of the mixture and improve the anti-rut ability of mixture at high temperature.
(3) The penetration-viscosity number (PVN) and viscosity-temperature susceptibility (VTS) were analyzed, and it can be founded that the temperature susceptibility of Sasobit WMA is improved at the service stage while the temperature susceptibility of asphalt binder at high temperature turns to be more sensitive.
However, the correlation of ductility and cracking may be not good at low temperature, a big ductility value of asphalt may also crack while a small ductility may not crack. The effect of Sasobit on asphalt at low temperature are expected for further research.
